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Abstract 
In concealed works, such as cable trench and cable pit etc, cable real-time temperature was monitored for early 
forewarning overheating fault and for nipping in the bud.The experiment indicated that the wavelength shift of Two-
Pipe fiber Bragg grating temperature sensor, only sensitive to temperature and linear with temperature variance, was 
0.019nm and the cable temperature changed 2.3� at 0.25m away from the heat source. The sensor was applied in one 
transformer substation cable trenches and cable wells. 24-hour real-time monitoring datum were stable. Monitoring 
datum were normal in 130 days. 
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1. Introduction 
Cable is the bridge connecting electrical equipment, such as transformers, circuit breakers and switchgear, 
etc, but also a power equipment. It’s usually laid in cable tray or cable trench or cable pit, in which 
features are more cables, long lines and random dense arrangement. Particularly, the cables,which were 
laid in the relatively closed and dark and damp and poor cooling conditions cable trench and cable wells, 
are giving off heat due to long-term under high voltage and high current, so that insulation aging. 
Additionally, long service life of the cables, lack of normal maintenance and updating, fire is usually 
caused by leakage circuit or by local overheating[4], leading to blackout and burned cables and heavy 
economic losses. Over the years, fire investigation found that most fires are caused by temperature rising 
due to overheating. Especially, cable trench and cable well fires.  
In this paper, fiber Bragg grating temperature sensor, insensitive to external stress, was applied in 
concealed works, such as cable trench and cable pit etc, in order to achieve real-time online monitoring 
cable temperature.  
2. Principle
Fiber Bragg grating center wavelength is in connection with the effective refractive neff and the grid 
period Λ. The refractive neff and the grid period Λ vary with temperature, stress and strain
[3], so that the 
central wavelength λB shifts. Fiber Bragg grating temperature sensors are  installed in the cables which 
are more and long and complex and arranged closely. Sensors will inevitably be acted upon by other 
stress and strain, such as squeezing and bend and drag, etc. To make the sensor is only sensitive to 
temperature and to ensure the accuracy of measurement, two-pipe fiber Bragg grating temperature sensor, 
insensitive to external stress, was used[1]. The structure is shown in figure 1. 
The role of stress and strain on the outer casing will not cause changes in Bragg grating center 
wavelength. The two-pipe fiber Bragg grating temperature sensor is only sensitive to temperature. 
[2]Sensor wavelength vary with temperature variance can be used formula (1) expression: 
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Fig. 1 Two-pipe fiber Bragg Grating temperature sensor structure 
ΔλB is the wavelength variance. ξis the thermo-optic coefficient of fiber grating. αis the thermal 
expansion coefficient of fiber grating. ST is the temperature coefficient of the sensor. Two-pipe fiber 
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Bragg grating temperature sensor wavelength drift is linear with temperature variance. Measured the 
amount of wavelength change,  temperature variance can be got  
3. Experimentation
Cable is enclosed in the insulation material. Internal thermal failure lasted longer and more stable. 
Between the point of failure and the surrounding material, heat exchange occurs. The local temperature is 
raised. By monitoring the temperature of the material around the point of failure, so that the overheating 
fault within the cable can be found in the early thermal fault. Therefore, the sensor layout should not only 
cover the whole cable, but also can accurately locate the fault point. In the early thermal fault, the sphere 
of temperature influence was studied by auther. As shown in figure 2, cable thermal fault is simulated by 
heating (dot 5) in the figure. At 0.25m and 0.4m away from the dot(5), two series fiber Bragg grating 
temperature sensors(3,4) and two thermal resistance temperature sensors(6,7) were fixed to understand 
cable temperature variance and temperature distribution in the initial overheating fault. 
 
 
Fig 2. Cable temperature rise test chart. 
Every minute records once data. From heating to the temperature stable is about 40 minutes. During the 
meantime, room temperature changes -0.4 ℃. The record curves are shown figure 3. 
 
 
Fig 3. Fiber Bragg grating sensor wavelength varianceand thermal resistance temperature variance chart. 
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At 0.25m away from the heat source, fiber Bragg grating temperature sensor wavelength changes 0.19nm 
and the temperature changes 2.3�, and at 0.4m away from, fiber Bragg grating temperature sensor 
wavelength changes -0.002nm and the temperature changes 0.2�. Obviously, in the early thermal fault, 
the wavelength and the temperature change significantly at 0.25m away from the heat source, but the 
wavelength and the temperature change insignificantly at 0.4m away from. 
4. Optical fiber sensor layout 
At 0.5m interval, 60 only fiber Bragg grating temperature sensors were laid in one 220/110/35kV 
substation cable trench and cable pit. The sensors are connected in series and divided into 4 strings ( a 
string of 15 sensors) and connected the FBG detector 1 to 4 channel. 0 � wavelength of 1 channel 15 only 
sensors is from 1530.439 to 1560.104. 0 � wavelength of 2 channel 15 only sensors is from 1530.641to 
1559.96. And channel 3 is from 1528.468 to 1559.878 and channel 4 is from 1528.498 to 1559.977. 
Between adjacent sensors in each channel, 0 � wavelength is about an increase of 2nm 
4 string fiber Bragg grating temperature sensors were arranged in No.1, 3, 5 cable pit, in cable trench 
between No.5 pit and 35kv high voltage interior, in cable trench between No.5 pit and No.3 pit and air 
cooling control box, in cable trench between No.5 pit and No.1 pit. In No.5 pit, connected to a four 
optical-fiber cable through the optical fiber connection box, and then connected to FBG detector No.1~ 
No.4 channels which is in the main control room. As shown in Fig. 4, x.y is sensor tag-name. x is channel 
number, ranging from 1 to 4 integer. y means sensor number, ranging from 1 to 15 integer. 
 
 
Fig. 4. cable trench, cable pit sensor layout figure 
The 24-hour real-time monitoring indicates that the change of temperature is <7 ℃. The every sensor 
temperature change is about 3 ℃. The 130 days real-time temperature monitoring indicates that the 
714  Min Cao et al. / Procedia Engineering 15 (2011) 710 – 714 Author name / Procedia Engineering 00 (2011) 000–000 5 
average daily temperature range is 19.3 ~ 44.9 �. Maximum temperature fluctuation is 14.0 � in a day. 
The datum were normal.  
5. Conclusions
In this paper, two-pipe fiber Bragg grating temperature sensor was applied in cable trench and cable pit, 
in order to real-time monitoring cable temperature. The experiment of the cable temperature rise indicated 
that at 0.25m away from the heat source, the wavelength shift of fiber Bragg grating temperature sensor 
was 0.019nm and the cable temperature changed 2.3�. The wavelength and the temperature change 
significantlye. The initial conditions of the cable thermal fault can be reflected. Spacing 0.5m, sensors 
were connected in series to achieve a seamless monitoring whole cable. 24-hour real-time monitoring 
datum were stable. Monitoring datum were normal in 130 days.Two-pipe fiber Bragg grating temperature 
sensor, which is all-optical measurement and transmission, achieves without electricity monitoring. There 
is a strong anti-radiation and anti-electromagnetic interference[5]. It can withstand high voltage and 
corrosion. And there is no impact on the device under test, etc. It's wavelength shift with temperature is a 
good linear relationship. Therefore, it is suitable for real-time online monitoring cable temperature. 
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